On-chip dual enzyme activity assay to investigate regulation of the transamidase and kinase activities of transglutaminase 2.
Transglutaminase 2 (TGase2), a multifunctional enzyme exhibiting both transamidase and kinase activity, is involved in a variety of cellular processes and diseases. However, details of the regulation of TGase2 have not been reported due to the lack of a suitable assay to examine both activities on the same platform under near-physiologic conditions. Thus, we developed an on-chip dual enzyme activity assay for TGase2 to simultaneously monitor the transamidase and kinase activities. Reaction mixtures specific for each enzyme activity were applied onto osteopontin arrays, and enzyme activity was monitored by sequential probing with Cy5-strepavidin and Pro-Q Diamond stain. This approach was used to determine the optimal concentrations of ATP, Mg2+, and Ca2+ for dual-activity assays. The optimized assay was then used to investigate regulation of TGase2 transamidase and kinase activities by various cofactors that could potentially affect its conformation. Monothiol- and disulfide-containing compounds differentially regulated TGase2 transamidase and kinase activities. Acetylation of TGase2 activated the kinase activity but had no effect on the transamidase activity. Phosphorylation and dephosphorylation of TGase2 reciprocally regulated the transamidase and kinase activities. The new approach described here is thus useful for screening potential regulators of TGase2 transamidase and kinase and investigating the pathogenesis of TGase2-associated diseases.